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The  present  study  investigated  enterocyte  ultrastructure  using  transmission  electron
microscopy  during  IgG uptake  in  postnatal  goat  kids  fed  with  colostrum.  Six  animals
received  5%  of body  weight  of  goat  colostrum  at 0,  7 and  14  h  of life  and  were  randomly
slaughtered  at 18,  36  and  96  h  (n =  2) for the  collection  of duodenum,  jejunum  and  ileum.
Two other  animals  were  sampled  immediately  after  birth  without  colostrum  ingestion
constituting  a  0  h  group.  The  enteric  tissues  were  analyzed  for ultrastructure  enterocyte
characteristics,  immunocytochemistry  labeling  of  immunoglobulin  G (IgG),  and  microvil-
lus height.  In the  duodenum,  a large  number  of  cytoplasmic  organelles  were  observed.  A
dense  network  of tubular  structures,  the apical  canalicular  system  (ACS),  was  observed
only in the  jejunum.  At  0 h,  large  vacuoles  without  electron-dense  material  were  present  in
the  cytoplasm  of  the  enterocytes  in  this  segment.  At  18  h,  after  the animals  ingested  three
meals of  colostrum,  the  vacuoles  showed  different  sizes  and  were  ﬁlled  with  electron-
dense  material.  Labeled  IgG were  observed  in the vacuoles  containing  colostrum  and  in  the
apical  cytoplasm.  At  36  h, the ACS  was  still  present  as  well  as  large  vacuoles  in  the basal
cytoplasm  of  the enterocytes  and  smaller  vacuoles  in  the  apical  region.  At  96  h,  the  ACS
and  vacuoles  with  electron-dense  material  were  no longer  present.  In the  ileum, the  cyto-
plasm  of  enterocytes  showed  a reduced  presence  of organelles  and,  at 0 and  18  h, small
vesicles  were  observed  in  the cytoplasm;  however,  they  did  not  constitute  a network  of
tubules.  The  ileum  showed  the  lowest  microvilli  height  (P  <  0.05),  suggesting  lower  sur-
face  area  to  absorption  compared  to  duodenum  and  jejunum.  The  jejunum  segment  was
responsible  for  the  initial  acquisition  of  passive  immunity  and  in  the  duodenum  and  ileum,
a reduced  capacity  of  IgG  uptake  was  observed.  On  the  fourth  day  of life, the  enterocytes
were  no  longer  able  to  absorb  macromolecules,  indicating  the  end of  the ability  to  uptake
immunoglobulins.
. IntroductionIn the ﬁrst 24–36 h of life, the small intestine epithe-
ium of ruminants consists of fetal enterocytes that are
apable of internalizing macromolecules from colostrum
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(Campbell et al., 1977; Sangild, 2003; Baintner, 2007). The
apical canalicular system (ACS), a complex of cytoplasmic
tubules near the apical membrane of the enterocytes, is
responsible for the vacuoles formation in the cytoplasm
which uptake intact proteins, such as immunoglobulins,
from intestinal lumen (Campbell et al., 1977; Bessi et al.,
2002a; Baintner, 2007). The absorbed material is released
by the basolateral membrane of the cell and thereafter is
carried by the lymphatic system, reaching the bloodstream
(Campbell et al., 1977; Baintner, 2007; Hurley and Theil,
2011).
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The intestinal closure occurs when the enterocytes are
no longer able to transfer immunoglobulins to the cir-
culatory system of the newborn and represents the end
of passive immunity transfer. This process occurs about
two to three days after birth and coincides with the
renewal of the entire intestinal epithelium (Campbell et al.,
1977; Smeaton and Simpson-Morgan, 1985; Sangild, 2003;
Hurley and Theil, 2011). The new cells, adult-type entero-
cytes, do not have the same ultrastructural characteristics
of fetal-type ones, and, therefore, are unable to internal-
ize macromolecules (Campbell et al., 1977; Smeaton and
Simpson-Morgan, 1985). The closure is related to the mat-
uration of epithelial cells and the beginning of digestion and
absorption of nutrients by the intestinal tract, also preven-
ting the internalization of foreign substances to the body of
the newborn, including bacterial toxins and viruses (Kelly
and Coutts, 2000).
The present study investigated enterocyte ultrastruc-
ture using transmission electron microscopy during IgG
uptake in postnatal goat kids fed with colostrum.
2. Materials and methods
Eight Saanen × Boer male goat kids were used in this study. The ani-
mals were handled, maintained and treated in accordance to accepted
standards for humane treatment of animals (authorized by the Ethics
Committee on the Use of Animals from Luiz de Queiroz College of Agri-
culture/University of São Paulo).
Colostrum was  manually collected from 14 goats on commercial dairy
farms and homogenized to form a unique pool of goat colostrum. Samples
were collected for determination of IgG concentration by radial immunod-
iffusion (Mancini et al., 1965; Besser et al., 1985) and the pool was stored
at  −20 ◦C. At the time of offering the meals, the pool of goat colostrum was
diluted with whole milk until 55 mg/mL  of IgG, a concentration consid-
ered adequate to ensure adequate transfer of passive immunity, according
O’Brien and Sherman (1993).
The newborn goat kids were separated from their mothers immedi-
ately after birth, thus avoiding maternal colostrum intake. Six animals
received 5% of body weight of goat colostrum at 0, 7 and 14 h of life. Two
goat kids did not receive colostrum and were sampled just after birth (0 h
group).
The goat kids that received colostrum were randomly slaughtered
at 18, 36 and 96 h of life. After anesthetization using xylazine and
ketamine, drugs that are not expected to modify experiment observa-
tions to any extent, the animals were exsanguinated via the carotid
arteries. The 0 h group was  sampled immediately after birth without
colostrum ingestion. After slaughter, the abdominal cavity was  opened,
the  gastrointestinal tract was removed within 5–10 min, and 2–3 cm
long whole tissue segments were taken from the duodenum (0.5 cm dis-
tal  from pylorus), jejunum (in the middle of the segment), and ileum
(0.5  cm distal to the ileo-cecal valve). Samples were immediately ﬁxed
in 4% phosphate-buffered paraformaldehyde solution for two hours. The
intestinal tissue was  then stored in cacodylate-buffered Karnovsky’s ﬁx-
ative or 4% phosphate-buffered paraformaldehyde solution.
For the ultrastructure analysis, samples stored in cacodylate-buffered
Karnovsky’s ﬁxative were post-ﬁxed in OsO4 1% for 2 h, washed with
cacodylate buffered 0.1 M and dehydrated with acetone (10 min  at 30, 50,
70, 90 and 100%, followed by 15 min  at 100%). The segments were embed-
ded  in Spurr resin (Electron Microscopy Sciences, Hatﬁeld, PA) and cut
with ultramicrotome (Reichert, Ultracut E, Leica Microsystems, Wetzlar,
Germany) using glass knives. The silver sections (70 nm)  were contrasted
for 25 min  with uranyl acetate and for 15 min  in lead citrate.
For the immunocytochemistry analysis, samples stored in 4%
phosphate-buffered paraformaldehyde solution were dehydrated in solu-
tions with increasing concentrations of ethanol (10 min at 30, 50, 70,
90  and 100%, followed by 15 min  at 100%) and embedded in LR White
resin (London Resin Company Ltd., London, United Kingdom). Silver sec-
tions (70 nm)  were obtained, placed in nickel screens and incubated
successively in 5% bovine serum albumin for 30 min, anti-goat IgG (Sigma
Chemical Co., St. Louis, MO, USA) diluted 1:500 in phosphate-bufferedFig. 1. Microvilli on the apical cytoplasm of enterocytes in the duodenum
of goat kids. Arrow: extensions of microvilli; bar = 1 m.
solution (PBS) for 10 h at 4 ◦C, and protein A gold conjugated (Sigma Chem-
ical  Co.) with particles of 10 nm (diluted 1:50 in PBS) for 1 h. The contrast
was  also made for 25 min  in uranyl acetate and for 15 min  in lead citrate.
The sections were examined under a transmission electron micro-
scope Zeiss EM 900 with a voltage of 50 kV and a range of 3000–12,000×,
in  which images were selected and captured. For each segment of each
animal, the microvilli height (m) of ten enterocytes was  measured using
an image analysis system (Image-Pro Plus).
2.1. Statistical analyses of microvilli height
A completely randomized design was used. The statistical analysis of
microvilli height was performed using the SAS (v 9.1) program package
(SAS Institute, Cary, NC, USA). The data were arranged in a 3 × 4 factorial
scheme. Intestinal segment (duodenum, jejunum and ileum) and samp-
ling time (0, 18, 36 and 96 h) were considered the main effect. After the
data  were conﬁrmed for normal distribution with the Shapiro–Wilk test,
analysis of variance was performed using the PROC MIXED (SAS Institute
Inc., 1999), F test at 5% of probability. The values are presented as means
and standards errors.
3. Results
All the segments showed the presence of columnar
enterocytes with well developed microvilli and extensions
thereof toward the cytoplasm (Fig. 1). Variations with
respect to the ultrastructure were related to the nucleus
position in cells, a greater or lesser presence in the cyto-
plasm of mitochondria, free ribosome, rough endoplasmic
reticulum, vacuoles, and especially the ACS.
In duodenum, the enterocytes showed a great amount of
mitochondria, free ribosome and rough endoplasmic reti-
culum (Fig. 2). At 0, 18 and 36 h of life, enterocytes with
apical or basal nucleus were observed and, at 96 h of life,
only cells with basal nuclei were veriﬁed. The ACS was not
detected in this intestinal segment, and only two animals,
one at 0 h and another at 18 h showed slight formation of
apical tubules. Small vacuoles with electron-dense mate-
rial were observed in one animal sampled at 36 h and in
another at 96 h.In jejunum, ultrastructural differences were observed at
different sampling times. The presence of mitochondria in
the cytoplasm of enterocytes was considerable, though less
frequent than in the duodenum, as well as free ribosome
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Wig. 2. Frequent presence of mitochondria, rough endoplasmic reticulum
hite arrow: rough endoplasmic reticulum, black arrow: mitochondria; 
nd rough endoplasmic reticulum. At 0 h, enterocytes with
pical nuclei were observed and, at 96 h, enterocytes with
asal nuclei in all the cells were present. Either enterocytes
ith apical or basal nuclei were visualized at 18 and 36 h.
t 0 h of life, the apical region of enterocytes showed a
ense network of tubular structures, the ACS (Fig. 3). At this
ig. 3. A dense network of tubular structures, the apical canicular system in the 
hite  arrow: pinocytosis in the microvilli base; bar = 2 m.ee ribosomes in the cytoplasm of enterocytes of the duodenal segment.
m.
time, large vacuoles were present without electron-dense
material. At 18 h, after the animals ingested three meals
of colostrum, these vacuoles showed different sizes and
were ﬁlled with electron-dense material (Fig. 4). At 36 h,
the ACS was still observable as well as large vacuoles in
the basal region of the enterocytes and smaller vacuoles
apical cytoplasm of enterocytes in the jejunum of goat kids at 0 h of life.
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intestine are presented in Table 1. Only the segment
effect was veriﬁed (P < 0.05), the ileum showing the lowest
microvilli height (P < 0.05).Fig. 4. A dense network of tubular structures, the apical canicular system
with  electron-dense material. White arrow: electron-dense material; bar
in the apical region. At 96 h, a rudimentary structure of
tubules was observed and vacuoles with electron-dense
material were no longer present.
In ileum, the cytoplasm of enterocytes showed a
reduced presence of mitochondria, free ribosome and
rough endoplasmic reticulum. Basal nuclei were predomi-
nant in this intestinal segment. At 0 and 18 h, small vesicles
were observed in the cytoplasm; however, they did not
constitute a network of tubules, the ACS (Fig. 5). In this
segment, only one animal showed ACS and small vacuoles
with electron-dense material at 18 h.
Immunocytochemical analysis did not show any label-
ing of IgG in the intestinal segments collected at 0 h,
indicating that the animals did not feed on colostrum. In the
duodenum and ileum segments, rare electron-dense points
in the apical cytoplasm of the cells were visible. The sam-
ple of ileum that showed vacuoles of colostrum at 18 h also
revealed pronounced presence of IgG. In jejunum, many
points with labeling IgG were observed in the vacuoles con-
taining colostrum and in the apical cytoplasm (Fig. 6). The
IgG was also observed in the membrane of the microvilli
as well as in its basal region. In this segment, rare points
with IgG labeling were observed in the apical cytoplasm of
enterocytes at 96 h.apical cytoplasm of enterocytes in the jejunum of goat kids at 18 h of life
The values for the microvilli height (m)  in the smallFig. 5. Small vesicles in the cytoplasm of the enterocytes in the ileum
segment at 18 h of life; bar = 1 m.
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. Discussion
In the ﬁrst hours of life, the gastrointestinal tract of
uminants has special characteristics, such as the pres-
nce of fetal-type enterocytes, which ensures the passage
f immunoglobulins across intestinal epithelium without
egrading protein (Bessi et al., 2002a, 2002b). Several
uthors have described the ultrastructure of the fetal-type
nterocytes in cattle, pigs and especially rodents (Jochims
t al., 1994; Kaup et al., 1996; Baba et al., 2002; Bessi
t al., 2002a, 2002b; Skrzypek et al., 2007; Kindlein et al.,
008). In cattle, the cells with absorptive capacity are
ocated mainly in the jejunum and ileum segments and
he duodenum has negligible contribution in the uptake
rocess (Jochims et al., 1994; Bessi et al., 2002a, 2002b;
indlein et al., 2008). In sheep and goats, Trahair and
obinson (1989) and Clark and Hardy (1971) also observed
bsorption of macromolecules from colostrum in the distal
mall intestine of the newborn. Castro-Alonso et al. (2008),
n contrast, observed absorptive activity in the proximal
egion of the small intestine of goat kids, detecting the
nternalization of immunoglobulins by the duodenum at
4 h of life.
In the present work, considerable internalization of
olostrum was veriﬁed only in the jejunum segment. Nordi
t al. (2012) also observed in goat kids fed lyophilized
ovine or goat colostrum that the jejunum epithelium was
he most important segment related to absorption pro-
ess. The apical canalicular system, a dense network of
ubular structures, was also observed. This complex of
ubules arises from invaginations of the microvilli base
nd is responsible for the appearance of cytoplasmic vac-
oles containing internalized antibody in the ﬁrst hours
able 1
icrovilli height (m) of the enterocytes in the small intestine of goat kids (mean
0 h 18 h 36 h 
Duodenum 1.98 ± 0.20 2.14 ± 0.05 1.37 ± 0.49 
Jejunum 1.80 ± 0.03 1.34 ± 0.01 1.81 ± 0.29 
Ileum 1.02 ± 0.01 1.50 ± 0.05 1.28 ± 0.10 
Overall mean 1.60 ± 0.19 1.66 ± 0.15 1.49 ± 0.18 
S = P > 0.05; means within column without common letters (a, b) differ (P < 0.0
ime  and segment.
* P < 0.05.eled IgG in the vacuoles containing colostrum; bar = 0.5 m.
of life of ruminants (Campbell et al., 1977; Bessi et al.,
2002b; Baintner, 2007). Despite the presence of vacuoles
and IgG in some samples of the duodenum and ileum seg-
ments, the absorption capacity appears to be reduced in
these segments, since the apical canalicular system was not
detected. Signiﬁcant absorption of colostrum and immuno-
labelled with IgG only in the jejunum showed that this
segment is responsible for the acquisition of passive immu-
nity in the ﬁrst hours of life of goat kids.
According to Smeaton and Simpson-Morgan (1985),
different characteristics of the enterocytes are related to
different degrees of cell maturation. Bessi et al. (2002b)
observed a new population of non-vacuolated cells and
reduced apical endocytic system in the villi of three-
day-old calves. The authors suggested that the increased
enzymatic activity in the absorptive vacuoles and the sub-
stitution of fetal cells by differentiated cells incapable of
internalizing macromolecules are related to the maturation
of the absorptive epithelium in the distal small intestine
and the end of maternal antibody transfer. In the present
study, the exact time of intestinal closure could not be
determined; however, at 96 h of life, the presence of cells
with a differentiated ultrastructure suggests that the clo-
sure occurred between 36 and 96 h of life, the period
observed by several authors in ruminants (Campbell et al.,
1977; Smeaton and Simpson-Morgan, 1985; Bessi et al.,
2002a, 2002b; Moretti et al., 2010, 2012).
The ultrastructural characteristics of enterocytes also
showed differences in the presence of cytoplasmic
organelles. In the duodenum, there was  a higher number
of mitochondria, rough endoplasmic reticulum and free
ribosome indicating that this segment had greater cellu-
lar activity, such as digestive activity, at the expense of
s ± standard errors).
96 h Overall mean T S T × S
1.19 ± 0.27 1.67 ± 0.19a NS * NS
2.06 ± 0.08 1.75 ± 0.11a
1.03 ± 0.20 1.21 ± 0.08b
1.43 ± 0.22
5). T = sampling time; S = segment; T × S = interaction between sampling
inant RD.B. Moretti et al. / Small Rum
absorptive capacity. Meanwhile, the smaller number of
these organelles in the distal regions of the small intestine
suggests greater absorption activity.
According to Ryan et al. (1997) and Buret et al. (1990),
although villus height is a factor in assessing mucosal sur-
face area, the major determinants are cell density and
microvillus height. The last are protuberances that increase
the surface area for absorption of digested products of
the lumen. Colostrum, in addition to a rich source of
immunoglobulins, has a complex of nutrients and a num-
ber of biologically active molecules, including epidermal
growth factor (EGF) and insulin-like growth factor type I
(IGF-I), associated with the maturation of the digestive tract
and the development of the newborn. Ryan et al. (1997)
observed that the EGF induced microvillus hypertrophy
following massive enterectomy. Kindlein et al. (2008), in
turn, reported that IGF-I intake determines increase in the
microvilli height of the proximal segments of the small
intestine of calves, suggesting a positive local effect of this
growth factor on cell growth. Thus, in the present study, the
ingestion of colostrum may  have positively inﬂuenced the
absorptive area in the duodenum and jejunum, while the
ileum, the last segment to receive the diet, showed lower
area of absorption.
5. Conclusion
In the duodenum and ileum, IgG absorption was
reduced and the apical canalicular system was  not
detected. The jejunum was responsible for the initial acqui-
sition of passive immunity, and on the fourth day of life, the
enterocytes were no longer able to absorb macromolecules,
indicating the intestinal closure.
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